Background-Recognizing the factors associated with falling in Parkinson's disease (PD) would improve identification of at-risk individuals.
Introduction
Falls are common in Parkinson's disease (PD) [1] [2] [3] [4] , and both falls and postural instability negatively affect health-related quality of life in PD [5] [6] [7] . Persons with PD are about 3 times as likely to sustain a fall as their peers [8] , and up to 50% of falls in PD result in injury [1] [2] [3] 9, 10] . Falls and fall-related injuries remain one of the top causes of increased health services utilization and costs for those with PD [11, 12] , and preventing and treating balance problems was recently identified as the top PD research priority by 1000 participants in the United Kingdom who understood the issues of living with PD [13] .
The most consistently reported risk factor for falls in PD is a prior history of falls [3, 4, 6, 14] . However, a meta-analysis of six prospective studies revealed that 21% of fallers had no history of falling [3] , making it difficult to consistently identify at-risk individuals. Other factors associated with falls in PD include age, disease/motor severity measures, gait/axial impairments, self-rated disability, impaired cognition, fear of falling, and poor health-related quality of life, though these have been reported inconsistently [3, 4, 6, [14] [15] [16] [17] [18] . Most research on falls in PD has been conducted in older cohorts with a longer disease duration (>5 years) [18] , when freezing and postural instability are more prominent. Existing data on falls and falls risk is limited in early PD cohorts (<5 years disease duration). Voss et al. analyzed two randomized, clinical trials of early, untreated PD patients and found that lower PD-related quality of life, age and prior history of falls were associated with falls [6] . A recent study followed 91 newly diagnosed, falls-naïve PD patients for 3 years and found that slower gait, shorter stance time and Hoehn-Yahr score of III were the most significant predictors of a first fall [17] . A better understanding of clinical risk factors that predict falls in early PD, other than a prior history of falls, would improve identification of those at risk of falling and guide interventions to prevent further falls.
We analyzed the National Institute of Neurological Disorders and Stroke (NINDS) Exploratory Trials in Parkinson's Disease (NET-PD) Long-term Study-1 (LS-1) data set [19] , a large cohort of early (within 5 years of diagnosis), treated PD subjects. Because there are limited data on factors associated with falls in an early PD population but numerous factors correlated with falls in more advanced populations, we explored many possible associations. Our main aims were to determine the frequency of falling and to examine characteristics that separate fallers from non-fallers.
Methods

Subjects and Assessments
The NET-PD LS-1 study enrolled 1741 participants in a large, randomized, multicenter, placebo-controlled trial of creatine as a potential disease modifying agent for PD [19] . All participants were within 5 years of PD diagnosis and on dopaminergic medication at least 3 months and not more than 2 years. Exclusion criteria included "any significant features suggestive of a diagnosis of atypical parkinsonism." The study was terminated early due to an interim analysis that found no significant benefit of creatine over placebo, so participants were followed for 3 to 6 years (median 4 years). All subjects participating in LS-1 provided written informed consent. The institutional review boards of the 45 participating sites approved the study. This analysis is based on the final LS-1 database, which was locked on May 5, 2014. Consistent with the primary trial findings, treatment with creatine was not related to post-baseline falling (p=0.78), thus, data were pooled across treatment assignment in LS-1 (either creatine or placebo).
Falling was defined as the presence of any of the following: the Unified PD Rating Scale (UPDRS) item 13 (Falling) greater than 0; UPDRS item 14 (Freezing) equal to 4 ("frequent falls from freezing"); or a report of an adverse event of "fall" or injury related to "fall". The UPDRS item 13 (Falling) has 5 grades of severity: 0 -no falling, 1-rare falling, 2occasional, less than one per day, 3 -falls an average of once daily, and 4 -falls more than once daily. UPDRS items 13 and 14 ask only about falling or freezing that occurred "during the past week". Adverse events were solicited through an open-ended question such as "What unusual symptoms or medical problems have you experienced since the last visit?" There was one subject who was identified as having fallen based on UPDRS item 14 equal to 4, that would not otherwise have been counted based on UPDRS item 13. assessments demographic characteristics used as variables in this analysis are listed in supplementary eTable 1.
Statistical Methods
Because the precise fall time was often unknown and the ascertainment of falls on the UPDRS was only annually, a survival analysis approach to model the time to fall was not conducted. A heat map of the pattern of falls over time (supplementary eFigure 1) demonstrates the intermittent nature of falls in this study (i.e. a participant who falls at one assessment is not guaranteed to fall at the next assessment).
All analyses were conducted in SAS version 9.3. Baseline demographic and clinical characteristics above were independently tested for an association with the probability of ever falling post-baseline. For binary or categorical variables, the univariate association was tested with a chi-square test. For continuous baseline characteristics, an unadjusted logistic regression was used. Given the large sample size, the statistical significance was set at alpha of 0.00125 for the univariate comparisons (Bonferroni adjustment 0.05/40 univariate comparisons). Variables significant in the univariate analyses were included in a multivariable logistic regression model of the probability of ever falling. For variables that measured the same domain (motor, ADL, quality of life, cognition, dopaminergic therapy, function), the multivariable regression was conducted repeatedly by including only one of the measures from that domain to ensure that there were no redundancies or collinearities. Preliminary exploratory graphics suggested an interaction by sex and age group, so an interaction term for age and sex was considered. As a sensitivity analysis, automated selection procedures (stepwise p=0.01 for entry and p< 0.1 to stay) was also used to select the final model.
To examine the baseline covariates associated with the rate of post-baseline falls over the long-term follow-up, a negative binomial regression model was used. Since the amount of follow-up varied widely among participants, the rate of falls, rather than the total number of falls was modelled by including an offset (log of days of follow-up). Our dataset showed an excess number of 'zero' counts (58% of participants experienced no post-baseline falls). A zero-inflated Poisson (ZIP) regression model was considered, but the negative binomial regression model was used because it outperformed the ZIP model (lower Akaike information criterion (AIC); SAS procedure PROC GENMOD (distribution=negbin link=log)). A similar approach to model building was used to select the final negative binomial model. Because of the multiple models fit during the model building process, an alpha level of 0.001 was set for interpreting the significance of covariates in the in the final reported models.
Results
Including baseline assessment, 728 (42%) of the 1,741 subjects reported a fall at any point during the trial, including the baseline assessment. Of these 728 subjects, 353 (48%) reported falls at only 1 visit, 157 (22%) reported falls at 2 visits, and 218 (30%) reported falls at three or more visits. 609 (35%) participants experienced falls based on the UPDRS items. 322 (18%) participants reported an adverse event related to falling, 119 (7%) of 
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Author Manuscript whom were not captured from the UPDRS questions. At baseline, 132 (8%) participants reported a fall. Figure 1 shows the percentage of subjects with falls at each yearly assessment, based on whether or not they reported a fall at baseline. In the group that reported a baseline fall, the proportion of subjects falling in subsequent years ranged from 32-49%. In the group that did not report a baseline fall, the percentage of subjects who fell over time increased from 11% at year 1 to 27% at year 6.
For our analysis, only subjects who reported fall(s) after the baseline visit were classified as fallers. The 37 (2.1%) subjects who reported a fall at the baseline visit only were included in the non-fallers group, leaving 691 (40%) participants in the fallers group. Table 1 shows the baseline characteristics for post-baseline fallers versus non-fallers.
The multivariable logistic regression model investigating baseline characteristics on the probability of a post-baseline fall included 1730 subjects (11 subjects had some missing baseline data and were not included in the model). The adjusted odds ratios and confidence intervals are provided in Figure 2 . The following baseline covariates were statistically significant: UPDRS item 13 (falling)>0 at baseline (p=0.0008), male sex (p<0.0001), age by sex interaction (p<0.0001), UPDRS ADL (p=0.0006), and the use of dopamine agonist alone (p=0.001). The TFC (p=0.0016) and ambulatory capacity (p=0.0063) were not statistically significant at the 0.001 level, but were retained in the final model because of other model selection criteria (AIC was smaller than the model without them). Females were more likely to fall compared to males (OR=10.75, 95% CI = [4.11, 28.14] ). However, there was a significant interaction between sex and age. For females, there was no effect of age (p=0.77). For males, the probability of a post-baseline fall increased with age (ever 5 years, odds increase by 1.2 compared to males 5 years younger, p<0.0001).
In the negative binomial regression model (Figure 3 ), the following baseline covariates were significantly associated with the post-baseline fall rate: UPDRS item 13 (falling) > 0 at baseline (p<0.0001), male sex (p<0.0001), age (p<0.0001), ambulatory capacity (p=0.001), UPDRS ADL (p<0.0001), the use of dopamine agonist alone (p<0.0001), and TFC (p<0.0001). Unlike the logistic model, the interaction of age and gender was not significant after adjusting for the main effects of age and sex. Therefore, the effect of age on the probability of ever falling affects only men, while age increases the rate of falling similarly for both men and women after adjusting for all else.
Discussion
We analyzed a large, early PD clinical trial cohort (>1700 subjects, mean~1.5 years since diagnosis) being treated with dopaminergic therapy and found that over a median follow-up of 4 years, falls were common, occurring in 42% of participants. In a recent systematic review of 22 PD studies with prospective fall collection data, the proportion of subjects who fell ranged from 35-90%, with a mean of 60.5% [18] . Compared to the NET-PD LS-1 cohort, the majority of the studies included in this review enrolled older PD subjects with longer disease duration. A higher percentage of these subjects would therefore be expected to experience falls. Our cohort was in the "honeymoon" period, where PD symptoms typically respond well to medication and falls are thought to be less prominent. Voss et al. analyzed two randomized, clinical trials of early, untreated PD patients and reported a fall frequency of 23% [6] . Our results, combined with the findings from Voss et al., suggest that falls occur frequently in PD, even early in the disease course.
In this study, the baseline factor most significantly associated with falling (OR=2.11) was a fall at baseline (as reported on the UPDRS item 13 greater than zero). This is consistent with what has been reported in the PD fall literature [3, 6, 8, 14] , but is of limited clinical utility. Identification of new clinical risk factors associated with falls that could be modified or targeted for intervention is an unmet need in PD. Lord et al. [17] found that gait parameters such as speed and stance time could predict a first fall in PD patients. Because the NET-PD LS-1 study did not specifically assess gait parameters, we could not confirm these findings. Instead, we discovered several novel factors that increased the probability of falling in PD.
We found a unique interaction between age and sex on the probability of a post-baseline fall in our multiple logistic regression model. In general, men were much less likely to experience a post-baseline fall (OR=0.09) compared to women, regardless of age. For men, however, the probability of a post-baseline fall increases with age so that by age 70, men and women have similar odds of experiencing a fall. Age is consistently associated with falling in the general population [20] . While age was also a predictor of falls in the Voss et al.
analysis of the two NET-PD futility trials (Futility Study 1 [FS-1] and Futility Study 2 [FS-
TOO]) [6] , age has been an inconsistent predictor of falls in the PD population [3] . This interaction between age and sex in PD may provide an explanation for the inconsistency of the reported association or lack thereof between age and probability of falling in PD. In our negative binomial model, which looked at baseline covariates on falling rate, there was no interaction between age and sex. Instead, increasing age was associated with a higher rate of falling, regardless of sex, though men had lower fall rates compared with women. This suggests that age and sex may contribute differently to the probability of ever falling (predicting the next fall) vs. fall frequency (identifying recurrent fallers).
Worsened ability to perform daily functions at the start of the trial, as assessed by the UPDRS ADL score and the total functional capacity (TFC) score, was associated with both an increased probability of a post-baseline fall and a more frequent fall rate in this study. The TFC, used more commonly in studies of Huntington's disease, assesses one's capacity to handle job, financial, daily living and domestic responsibilities. Higher TFC scores indicate better status. Higher (worse) UPDRS ADL score has previously been found to be associated with falls in PD [15, 21] , but to our knowledge, this is the first report of the TFC being associated with fall rate in either PD or Huntington's disease. Further study would be helpful to explore whether these might useful clinical scales to predict fall risk in PD. Given that general functional abilities depend on motor function, it is surprising that motor scores are not a predictor of fall probability or fall rate. General functional ability scales may capture something that motor scales do not.
the sum of UPDRS items 13 (falling), 14 (freezing), 15 (walking), 29 (gait), and 30 (postural stability). Each 1-point increase in the baseline ambulatory capacity score in our analysis increased the odds of experiencing a post-baseline fall and increased fall rate. Given that the ambulatory capacity score itself includes UPDRS item 13 (falling) it is not surprising that it was associated with falls. However, ambulatory capacity remained in both the multiple logistic and negative binomial models after adjusting for UPDRS item 13 (falling), suggesting that items 14, 15, 29 and 30 may be the individual UPDRS items most associated with falling.
Finally, our data show that being on a dopamine agonist alone (compared to either levodopa alone or a combination of levodopa with a dopamine agonist) is associated with decreased odds of a post-baseline fall and with a lower fall rate. This contrasts with the findings of Allcock et al. [23] , who found that dopamine agonist use was associated with increased falling frequency in PD. However, their study population was older with a longer disease duration. In general, dopamine agonist monotherapy in PD is used for patients who are younger and in earlier stages of disease. Most patients enrolled on a dopamine agonist alone in LS-1 later went on to either levodopa alone or combination therapy with levodopa and an agonist. It is possible that patients with more severe symptoms were preferentially placed initially on levodopa rather than an agonist. We cannot completely rule out a protective effect of dopamine agonists on falls, but dopamine agonist monotherapy in our analysis is more likely to be a marker of disease severity. Increased LED dose and a higher (worse) UPDRS motor score at baseline were both associated with an increased probability of falling post-baseline in univariate comparisons, but the use of an agonist alone was a stronger predictor in the multiple logistic and negative binomial models.
The biggest strength of this study was the large cohort size. The main limitation was our method of ascertainment, which was sporadic and likely underestimated the total number of falls. The UPDRS captures falls only within the past week, and since most study visits were a year apart, we likely captured only severe falls as an adverse event. However, this limitation only strengthens our conclusion that falls occur frequently in early PD.
Conclusions
Falls are common in early, treated PD, affecting approximately 40% of subjects in our analysis. The biggest risk factor influencing the probability of falling as well as fall rate remains a history of falling, even after adjusting for other characteristics. The strength of the association we observed is likely underestimated since we did not formally assess "history of falls" beyond UPDRS items at baseline or adverse effect reporting once a year. New findings in this study may explain previous inconsistencies about the contribution of age and how it intertwines with sex: women of any age appear to be at a high risk of falling, while for men, the probability of falling increases with age. Fall screening or fall prevention measures could thus be more effective if directed towards women of any age or men over the age of 70. In this exploratory study, we also identified two new measures (TFC and ambulatory capacity) associated with falling in PD and add to the evidence associating the UPDRS ADL score with falls. These measures could potentially be used clinically to identify PD patients at risk of future falls, though further research will need to validate our findings and establish cut-off scores.
Highlights
•
Using the NET-PD LS-1 dataset, we examined factors associated with falling in PD
• 728 subjects (42%) fell during the trial, including those reporting falls at baseline.
The biggest risk factor for falls in PD remains a history of falling • Compared to women, men were less likely to fall until after age 70, when men and women had similar odds of falling 
